We introduce an anomalous top quark coupling (right-handed current) into Standard Model Lagrangian. Based on this, a more complete calculation of b → sγ decay including leading log QCD corrections from m top to M W in addition to corrections from M W to m b is given. The inclusive decay rate is found to be suppressed comparing with the case without QCD running from m t to M W except at the time of small values of |f tb R |. e.g.
Introduction
The standard model(SM) has achieved great success recent years. However, there is still a vast interest beyond standard model. It is well known that the process b → sγ is extremely sensitive to new physics beyond the Standard Model [6] . It has been argued that this experiment provides more information about restrictions on the Standard Model, 2-Higgs doublet model, Supersymmetry, Technicolor and etc. Since the top quark is much heavier than other fermions, and its interactions may be quite sensitive to new physics, the interactions of the top quark are of special importance. In ref. [1] , a right-handed coupling of the top-bottom charged current is added to the standard model(SM). Based on this, the authors give out the constraints to right-handed top quark current by b → sγ decay. In fact, the right handed current is also a low energy phenomena of SU(2) L × SU(2) R × U(1) left-right symmetric model [2] . In this model, the right handed charged current is induced by the W L − W R mixing in addition to the usual left-handed current in the standard model. Interference of the right-and left-handed currents in the penguin diagram enables a chirality-flip by the top quark mass m t inside the loop, and therefore leads to an amplitude proportional to m t [3, 4, 5] . (In standard model, the amplitude is proportional to the mass of the bottom or strange quark, because the pure (V-A) structure of the charged currents requires the chirality-flip to proceed only through the mass of the initial or the final state quark.) Therefore, large contributions from top-bottom quark right-handed current to b → sγ amplitude occur. To first order approximation, this just like to add a right-handed current to top-bottom quark coupling in SM.
Recently the CLEO Collaboration has measured the inclusive branching ratio of b → sγ to be [7] Br(b → sγ) = (2.32 ± 0.51 ± 0.29 ± 0.32) × 10 −4 .
The inclusive b → sγ decay rate is often assumed to be well described by the spectator model, where the b quark goes a radiative decay. The QCD corrections to this decay have been calculated to leading logarithmic accuracy by many authors [9, 10, 11, 12, 13, 14] , and are known to enhance the decay rate within SM by a factor of 3-4. This enhancement, however, is subject to large uncertainties due to many reasons [15] . One of these reasons is the QCD running from top quark scale to W boson scale, which has been discussed in SM by ref. [16, 17] , in 2-Higgs doublet model by ref. [18] , and in Supersymmetry case by ref. [19] . This contribution which is usually considered as a next-leading order effect was found to give an additional enhancement up to 20% in the case of a much heavy top quark mass.
In our present paper, by introducing a right-handed charged current to top-bottom couplings,
we recalculate the b → sγ decay including QCD running from m top to M W , in addition to corrections from M W to m b , in order to give a more complete leading log result in this model.
Since the branching ratio is proportional to |f
it is more complicated than that in SM or other models. Finally more recent CLEO experiment is used to give more precise restrictions to this anomalous top quark coupling.
In the next section, we first integrate out the top quark, generating an effective five-quark theory. By using the renormalization group equation, we run the effective field theory down to the W-scale where the weak bosons are removed. Then we continue running the effective field theory down to b-quark scale to include QCD corrections from M W to m b . In section 3, the rate of radiative b decay is obtained. Section 4 is a short summary.
QCD Corrections to b → sγ decay
In standard model and many other models, there is no flavor changing neutral current at tree level. It is only occurred through electroweak loop. In standard model Lagrangian, the relevant charged current in R ξ gauge reads
Where V represents the 3 × 3 unitary Kobayashi-Maskawa matrix, M U and M D denote the diagonalized quark mass matrices, the subscript L and R denote left-handed and right-handed quarks, respectively. This charged current, which is the main cause of flavor changing neutral current, is pure left-handed.
Like ref. [1] , a phenomenological coupling of the right-handed top and bottom quarks to the W boson is introduced:
with f tb R denoting the strength of this additional coupling. Using this interaction (3) together with (2), we performed the QCD corrections to b → sγ decay.
At first, we integrate out the top quark, generating an effective five quark theory, intro- t , dimension-6 operators are good enough to make a complete basis of operators [16, 17] 3 :
dimension 5 :
LR is a new operator compared with SM case.
Where
and the covariant derivative is defined as 
In our following calculations, we try to work in a background field R ξ gauge (with ξ = 1) [20] , in order to maintain explicit gauge invariance in calculations of anomalous dimensions.
Furthermore the usually trilinear interaction between photon, W boson, and would-be Goldstone boson vanish in this gauge. So that, we did not include operators which involve both W boson and would-be Goldstone boson in one operator, like
With the above operators, we can write down our effective Hamiltonian as
The coefficients C i (m t ) of operators can be calculated from full theory by matching conditions, keeping only leading orders of p 2 /m 2 t [16, 17] . Terms proportional to f tb R m t /m b are from right handed current. Since m t /m b is a very large value, it is very convenient for us to keep only leading orders of m t /m b . This is also the reason why only top-bottom right-handed charge current is introduced, while other up-down, charm-strange right-handed currents are ignored.
The other coefficients of operators are all from the integrations of electroweak loops. Terms like
L vanish here, because of the matching scale µ = m t . They will be regenerated at lower scales by renormalization group running of electroweak later. The other logarithms are all from the finite part integration of loops, for there are two different mass scale particles in one loop.
When f tb R = 0, the above results (7), (8) reduce to that of SM case [17] .
The renormalization group equation satisfied by the coefficient functions
The solution to this renormalization group equation (9) appears in obvious matrix notation as
where the anomalous dimension matrix γ ij is calculated in practice by requiring renormalization group equations for Green functions with insertions of composite operators to be satisfied order by order in perturbation theory [16, 17] . 
These mixings are all between operators (Q,R,W) induced by tree-diagram and operators (O,P)
induced by loop-diagram. In order to see how the renormalization group method is accomplished, we neglect the proper QCD corrections for the moment, so that we can take into account only the above entries of anomalous dimensions. Insert this matrix to eqn. (10), we find the following relations:
Here the renormalization group equation reproduces the log(µ 2 /m 2 t ) terms in the coefficients of operators at equation (8) which vanished at µ = m t . This proves the consistence of the whole calculation.
The QCD anomalous dimensions for each of the operators in our basis are [16, 17] : 
Notice here only the anomalous dimensions relevant to W 2 LR are new to the SM case. To proceed with such complicated anomalous dimensions with so many operators, the algebra computation code REDUCE is used. Combining the above three matrices (11, 12, 13) into one large 18×18 matrix, we diagonalize it analytically to give 18 eigenvalues and 18 eigenvectors. Using equation (10) , one can have the coefficients of operators at µ = M W . All analytic expressions of coefficients at this scale, which are functions of coefficients at µ = m t , are included in the appendix.
In order to continue running the basis operator coefficients down to lower scales, one must integrate out the weak gauge bosons and would-be Goldstone bosons at µ = M W scale. From matching conditions, one finds the following relations between coefficient functions just below (-) and above(+) µ = M W [16, 17] :
The operators involving Goldstone φ and W bosons are absent after this matching.
In addition to these, there are new four-quark operators from the matching [9, 12, 14] :
with coefficients
Although only coefficient of O 2 is not zero, the other operators should also be included, for their mixing through renormalization group running.
To simplify the calculation and compare with the previous results, equations of motion(EOM) [21] is used to reduce all the remaining two-quark operators to the gluon and photon magnetic mo-
LR . Neglecting the strange quark mass in comparison with the bottom quark mass, we obtain the on-shell equivalence relations:
To be comparable with previous results without QCD corrections from m top to M W , opera-
LR are rewritten as O 7 , O 8 like ref. [9, 12, 14] ,
Then the operator basis now consists of 8 operators. Using eqn. (14) (16) together with (24) in the appendix, the effective Hamiltonian appearing just below the W-scale is easily drawn out:
with
Since they are expressed by coefficients of operators at µ = m t and QCD coupling α s , it is convenient to utilize these formulas.
If QCD correction from m t to M W is neglected[by setting α s (M W ) = α s (m t ) in the above equations (19) , (20)], the results are reduced exactly to those the previous authors gave [1, 4] .
The QCD corrections from µ = M W to µ = m b have been a subject of many papers [9, 10, 11, 12, 13, 14] . It has attracted great interest recent years, since most QCD corrections come from this stage. For a long time, there are some discrepancies in this calculation, for it is rather lengthy calculation involving 2-loop diagrams. Until recently, it is completely resolved, and a complete leading log result is given [14] . Here, we are free to utilize these results, so the coefficients of operators at µ = m b scale are Here m b = 4.9GeV is used.
3 The B → X s γ decay rate
Following previous authors [9, 12, 14] , one obtains the B → X s γ decay rate normalized to the quite well established semileptonic decay rate BR(B → X c eν).
Then If a complete QCD next-leading log result of b → sγ decay is performed, one can expect to obtain more precise results from b → sγ decay by freely using our above results.
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A Operator coefficients at
We quote here the results of the coefficients of operators at µ = M + W scale. The W bosons and would-be Goldstone bosons are not integrated out yet. 
Here ζ = α s (m t )/α s (M W ). The factor of 16π 2 in some of these expressions arises from mixing between operators induced by tree diagrams and those by loop diagrams.
